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白令海盆区和陆坡区表层水体硝酸盐的 δ15N 和 δ18O 值较高。在真光层中，
硝酸盐 δ15N 和 δ18O 值随着深度的增加而降低，且与硝酸盐浓度的变化呈镜像对
称关系，说明浮游植物同化吸收是影响真光层硝酸盐氮、氧同位素组成变化的主
控因素。根据 Rayleigh 模型计算出白令海盆区浮游植物同化吸收硝酸盐导致的
氮、氧同位素分馏因子分别为 5.1‰和 4.9‰。对于白令海盆区 100−500 m 水体，
颗粒有机物再矿化作用是导致水体硝酸盐氮、氧同位素组成发生变化的主控因素，
由同位素质量平衡关系计算出 100−500 m 水体颗粒有机物再矿化所产生硝酸盐
的 δ15N 值为 4.2−4.9‰。对于海盆区 500 m 以深的水体，硝酸盐 δ15N 值稳定在
6.0‰左右，而 δ18O 值介于 1.5−4.0‰。 







南极半岛附近海域硝酸盐 δ15N 和 δ18O 值分别为 5.2−13.7‰和 1.8−9.6‰，其
中表层水体硝酸盐的 δ15N 和 δ18O 值较高，随着深度的增加，硝酸盐 δ15N 和 δ18O
值逐渐降低，冬季残留水中硝酸盐的 δ15N 值为 7.5±0.4‰。南极半岛附近海域



















冬季残留水影响的温度极小值层，硝酸盐 δ18O: δ15N 比略大于 1:1，可能反映了
硝化作用的影响，但与浮游植物的同化吸收作用相比，硝化作用的影响很小。基
于 Rayleigh 模型计算出南极半岛附近海域浮游植物同化吸收硝酸盐过程中氮、
氧同位素的分馏因子分别为 4.1‰和 4.3‰。 
南极半岛附近海域 100m 以浅水体的硝化速率介于 0.61−5.95 nmol/dm3/d 之
间，表层硝化速率较低，之后随深度增加而增大，25 m 与 50 m 层硝化速率接近

























Nitrogen and oxygen isotopic compositions of nitrate and nitrification rate were 
measuredin the Bering Sea during the 6th Chinese Arctic Research Expedition and in 
the Antarctic Peninsula during the 32nd Chinese Antarctic Research Expedition.Spatial 
variations of nitrate δ15N and δ18O value and their controlling factors were discussed. 
The fractionation factors of nitrogen and oxygen isotope during phytoplankton 
assimilating, as well as δ15N value of nitrate from remineralization of particulate 
organic matter in the Bering Basin were estimated based on the isotopic model. The 
variation of nitrification rateand its controlling factor in the Antarctic 
Peninsulawasdiscussed.  
Theδ15N and δ18O values of nitrate in surface water were higher thanthose in the 
deep water in the Bering Basin. Theδ15N and δ18O values of nitratedecreased with the 
increasing depth in the euphotic layer, and correlated with the concentration of NO3-，
indicating thatthe variation of nitrate δ15N and δ18Ovalues was mainly regulated by 
nitrate assimilation by phytoplankton.Based on the Rayleigh model,the fractionation 
factorsof nitrogen and oxygen isotope during assimilation were estimated as 5.1‰ 
and 4.9‰respectively. In100−500 mlayer in the Bering Basin, the remineralization of 
particulate organic matter was the major processcontrolling the variation of nitrate and 
oxygen isotopic compositions of nitrate. The δ15N values of the newly nitrified nitrate 
were estimated as 4.2−4.9‰ based on the isotopic mass balance. Theδ15N and δ18O 
values of nitrate were almost constant as ~6.0‰ and 1.5-4.0‰ respectively, in deep 
water below 500 m in the Bering Basin. 
Theδ15N and δ18O values of nitrate in the Beringshelf were in the range of 
6.9−17.6‰ and 3.0−10.7‰, respectively.Their variations were mainly controlled by 
phytoplankton assimilation. Nitrification also has an effect on the variation of theδ15N 
and δ18O value in nitrate, but to a less extent. The δ15N and δ18O values of nitrate in 
the bottom water were affected by denitrification in addition to assimilation and 
nitrification. The fractionation factorsof nitrogen and oxygen isotopes during nitrate 

















model, and 4.2‰ and 3.1‰ in theBeringShelfvia a the Rayleigh model,respectively. 
The spatial variation of fractionation factors of nitrogen and oxygen isotopeswas 
influenced by the growth rate and species composition of phytoplankton. 
Theδ15N and δ18O values of nitrate were 5.2−13.7‰ and 1.8−9.6‰ in the 
Antarctic Peninsula, respectively. The high values of δ15N and δ18O were observed in 
surface water,and decreased with the increasing depth. The averaged δ15N value of 
nitrate in the winter residual water was7.5±0.4‰.The variations of nitrogen and 
oxygen isotopes in nitrate were mainly controlled by nitrate assimilation by 
phytoplankton in the Antarctic Peninsula. A positive correlation between nitrate δ15N 
and δ18O value and the fraction of sea-ice melted water was found, further indicating 
the role of phytoplankton assimilation on isotopic composition of nitrate. The melted 
waters of sea-ice or glacier may strengthen the stratification of water column, and 
stimulate the growth of phytoplankton, and thus regulate the nitrogen and oxygen 
isotope composition of nitrate via assimilation. The ratio of δ18O to δ15N in the 
temperature minimumlayer with the residual of the winter waterwas slightly larger 
than 1:1, which may reflect the effect of nitrification, but this effect was low 
compared to that ofphytoplankton assimilation.The fractionation factors of nitrogen 
and oxygen isotopes during nitrate assimilation were estimated as 4.1‰ and 4.3‰in 
the Antarctic Peninsulabasedonthe Rayleigh model. 
Nitrification rates in the Antarctic Peninsulawere determined as 0.61−5.95 
nmol/dm3/d in the upper 100 m with an average of 1.59−4.13 nmol/dm3/d. The 
highest rates of nitrification occurred at depths of 25 m and 50 m with the low rates 
observed in surface water and 100 m layer. A positively linear correlation between 
nitrification rate and NH4+ concentration was observed, indicated that ammonium 
plays an important role in nitrification process. Nitrification in the surface water was 
suppressed by light intensity and the competition for ammonium with phytoplankton. 
 
Keywords: δ15N and δ18O of nitrate; fractionation factor (ε); nitrification rate; the 


























学循环。图 1-1 显示了海洋氮循环的主要过程，具体包括： 




























图 1-1 海洋中氮的存在形态和转化过程（Gruber，2008） 





的研究发现，在上升流区（Raimbaultand Garcia，2008；Zhang et al.，2015）、河
流羽状流区（Subramaniam et al.，2008）等非寡营养海区同样存在固氮作用。
Capone 和 Carpenter（1982）依据在热带大西洋和加勒比海现场实测的束毛藻固
氮速率，推算出全球海洋固氮作用提供的氮通量为 0.7−1.4 TmolN/a（1 Tmol=1012 
mol）。张润（2010）计算出北部湾、南海北部海域、东海和南黄海的年固氮通量
分别为 1.3×109 molN/a、1.7×1010 molN/a 和 1.5×1010 molN/a。目前估计全球海洋
固氮作用提供的氮通量为 7.1−14.2 TmolN/a（Gruberand Sarmiento，1997；Karl et 
al.，2002）。海洋中氮的迁出过程主要包括反硝化作用和厌氧氨氧化作用，主要



















比值偏离 Redfield 比值（Seitzinger et al.，2006；郑敏芳，2010）。海水体系中的
DO、pH、NO3-含量、有机碳含量、温度等都可能会影响反硝化作用（Ogilvie et 
al.，1997；郑敏芳，2010）。全球海洋水体反硝化作用迁出的氮通量为 10.7 TmolN/a，
而海洋沉积物反硝化作用迁出的氮通量为 16.4−20.4 TmolN/a（Middelburg et al.，
1996；Codispoti et al.，2001）。 
在海洋体系中，海水中的 NH4+、NO2-和 NO3-在真光层被浮游植物吸收利用，





变化。与硝酸盐 δ15N 值的情况不同，在 NH4+氧化为 NO2-而后进一步氧化为 NO3-
的过程中，由于将海水和溶解氧气中的氧原子结合进入到 NO3-中，因而硝酸盐
的 δ18O 值会发生变化。根据 NO3-δ15N 和 δ18O 值的不同变化，可以指征海洋 N
循环的具体过程及其所起的作用（Sigman et al.，2005；Granger et al.，2011；Rafter 
et al.，2012；Rafter et al.，2013；Smart et al.，2015；胡王江，2015）。 
1.2 氮、氧同位素的组成与分馏 
1.2.1 氮、氧同位素组成 
氮元素在自然界中存在两种稳定同位素，分别是 14N 和 15N，它们的相对丰
度分别是 99.634%和 0.366%。15N 的绝对丰度很难精确测量，并且不同化合物之
间 15N 的绝对丰度大多仅有很小的差别，因此，通常用δ值来表示含氮组分的氮
同位素组成，即： 
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